Abstract: Background: The shift towards transdiagnostic and dimensional approaches to psychopathology research has created a growing need for psychometric assessments that reflect this conceptualisation. Aims: We aimed to test whether an omnibus measure of psychopathology: the Social Behavior Questionnaire (SBQ), has suitable properties to serve as a dimensional, transdiagnostic assessment. Method: We used an item response theory approach to evaluate the reliable ranges of measurement of the psychopathology dimensions measured by the SBQ. Results: For the dimensions of ADHD, Prosociality, Internalising and Externalising, the SBQ can provide a reliable measure for below average to very high levels in a normative sample. Keywords: transdiagnostic, dimensional, psychopathology, social behaviour questionnaire, item response theory 
Traditional diagnostic classification systems view psychopathological disorders as categorical and distinct; however, accumulating evidence has provided ample reason to question these assumptions (e.g. Kruger & Eaton, 2015) . Phenotypic and genetic analyses suggest that many common psychopathological disorders may simply represent the extreme ends of quantitative traits that show meaningful variation in both clinical and non-clinical ranges (e.g. Wray, Lee, Mehta, Vinkhuyzen, Dudbridge & Middeldorp, 2014; Walton, Ormel & Krueger, 2011) . In addition, high levels of comorbidity have suggested that systems of classification that acknowledge the presence of broader, transdiagnostic factors such as Internalising and Externalising may provide a more useful characterisation of psychopathology than traditional classification systems such as DSM 5 and ICD-10 (e.g. Kruger & Eaton, 2014) . The dimensional and transdiagnostic approach to psychopathology research implied by such observations depends on assessment tools that can reliably measure symptoms across a range of diagnostic domains a in both clinically diagnosed and 'sub-clinical' individuals. Failing to capture the full range of symptom levels expressed in the population can impede the detection of associations with other relevant variables or the detection of change over time (e.g. Reise & Haviland, 2005) . It can also result in spurious or masked statistical interactions due to truncated score distributions (e.g. Kang & Waller, 2005) .
Most previous evaluations of the reliability of psychopathological assessments have focussed on overall test reliability; not whether the assessment can measure an appropriate range of values with sufficient reliability. This latter property can be assessed using item response theory (IRT) models which recognise that measurement precision can vary across trait levels. Applying IRT models to sets of items can identify the range of trait values for which these items are sufficiently reliable (henceforth the 'reliable range' of a set of items). In this study, we evaluated whether the Social Behavior Questionnaire (SBQ; Tremblay et al., 1991) : an omnibus psychopathology inventory has appropriate reliable ranges of measurement to be used as a transdiagnostic, dimensional measure of psychopathology in children and adolescents.
Method
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Participants and Measures
Data were from the Zurich Project on the Social Development of Children and Youth (zproso; see http://www.cru.ethz.ch/en/projects/z-proso.html.). Z-proso began in 2004 when the children entered school aged around 7. Informed consent was obtained from parents at the beginning of data collection and from the children from age 13 onwards. Children were included in the target sample if they attended one of 56 schools selected for participation. Schools were selected using a stratified random sampling method that took into account school size and location. Teacher ratings of the children were obtained at 8 time points covering the entire school career of the children (age 7 to 15). For this study, the sample for each wave comprised participants who had at least some data on the SBQ at that wave. Sample sizes ranged from N=977 to N=1346.
We focussed on 39 SBQ items that were administered at all waves because these can be directly compared across time. These measure Prosociality including helping and empathy;
Internalising including anxiety and depression; attention-deficit hyperactivity disorder (ADHD); nonaggressive conduct problems including stealing, lying, vandalism and opposition/defiance; and aggression including physical, indirect, instrumental/dominance, and reactive aggression. The SBQ was administered in German. Paraphrases of item content in English can be found in Murray, Eisner & Ribeaud (2016) . All responses were on a 5-point Likert scale from Never to Very Often. The SBQ was administered to three raters: the child, a parent and a teacher; however, only teacher ratings were obtained across all waves in a consistent format and we, therefore, focus only on these in the current study.
Statistical Procedure
We used IRT to evaluate the reliable ranges of the SBQ dimensions. IRT provides a framework for linking item responses to underlying latent attributes in a mathematically precise manner. Specifically, the probabilities of endorsing response categories of items measuring a common trait are modelled as functions of respondents' trait levels and item properties. Depending on the phenotype, we used either unidimensional or bi-factor models with logit link functions, allowing DIMENSIONAL TRANSDIAGNOSTIC ASSESSMENT discrimination parameters allowed to vary across items and thus giving rise to graded response models (e.g. see Gibbons et al., 2007) . In bi-factor models, each item loads on two dimensions: one specific and one general. We used bi-factor models to avoid inflated test information due to violations of local independence due to the presence of subscales (e.g. Chen & Thissen, 1997) . We fit separate models for ADHD, Prosociality, Internalising and Externalising. The latter two are commonly studied as transdiagnostic factors; however, preliminary analyses, suggested that ADHD and Prosociality items did not fit well within either. Separate models were, therefore, also fit for these phenotypes.
Further details are provided in Supplementary Materials.
Given the developmental nature of the dataset, we fit models separately at each wave without imposing invariance constraints. We used robust maximum likelihood estimation (MLR) to take account of clustering of participants within classes and non-normality of indicators. Models are summarised in Figures 1-4 . For scaling and identification, we fixed the latent factor means and variances to 0 and 1 respectively. Model fit was evaluated by examining standardised residuals for the univariate response distributions of items. These provide a measure of the deviation between observed and model-implied response distributions. Standardised residuals >|1.96| suggest significant deviations from model-implied distributions. Global fit measures are also available for IRT models, including the Pearson chi-square and the likelihood ratio tests; however, their p-values are accurate only for small numbers of possible response patterns and are, therefore, unlikely to be accurate for the models tested in the current study. Other promising global fit statistics for IRT models are still undergoing development and testing (e.g. Maydeu-Olivares, 2013) . To provide information on global fit we, therefore, report fit statistics obtained from confirmatory factor analyses (CFA) of the covariance structures corresponding to each IRT model. These were estimated using weighted least squares means and variances (WLSMV) estimation to take account of the ordered-categorical nature of items. All models were estimated in Mplus 7.0 (Muthén & Muthén, 2010) .
To assess the reliable ranges of the SBQ dimensions, we examined their test information curves. We focussed on the general dimensions because the specific dimensions were measured with too few items to support adequate reliable ranges of measurement. Test information for the general DIMENSIONAL TRANSDIAGNOSTIC ASSESSMENT dimensions was computed conditional on the specific dimensions. As .70 is often considered a minimum level of acceptable classical test theory reliability, we evaluated the range of trait values for which the test information was greater than the corresponding test information value of > 3.33. The choice of the .70 threshold reflects the fact that SBQ is not used for diagnostic purposes but to track developmental changes in normative samples. As such, it is more important to have an acceptable level of reliability across a wide range of phenotypic levels than high reliability around a diagnostic threshold. For tests used for diagnostic purposes, higher reliability threshold would be required; however, the range of phenotypic values for which this needs to be met could be much narrower.
Results
Model fits and all input and output files are provided in Supplementary Materials. With the exception of the RMSEA values for the Prosociality and ADHD models, global fit statistics generally suggested that models fit well by conventional criteria i.e. TLI and CFI >0.95 and RMSEA<.08 (e.g. Hu & Bentler, 1999; Schermelleh-Engel et al., 2003) . Standardised residuals for univariate response distributions were mostly <|1.96|; however, some specific areas of misfit were identified. In ADHD, for example, the highest response categories showed some evidence of misfit for 4 of the items at age 7. In addition, for Externalising, there was a concentration of misfit within the Age 11 wave and for Internalising, there was a concentration of misfit within the Age 9 wave. We did not make any model modifications on the basis of misfit identified so as to avoid capitalisation on chance. Full model results including specification, parameter values and item response functions are available on request from the first author.
Reliable ranges of measurement for each trait at each time point are provided in Table 1 in terms of the range of trait values for which the classical test theory reliability would be >.70. All dimensions showed a reliable range of measurement that spanned a reasonably wide range of phenotypic levels. Test information curves for the dimensions are provided in Supplementary Figures 
1-4.
Discussion
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We evaluated the reliable ranges of measurement of the Social Behavior Questionnaire. Given the shift towards a dimensional and transdiagnostic approach to conceptualising psychopathology, these kinds of investigations are important for ensuring that psychopathology measurement tools keep pace with evolving theoretical models. We found that the SBQ items generally provided reliable measures of ADHD, Prosociality, Internalising and Externalising for a sufficient range of trait levels to support their use in non-clinical populations. The results of the current study should allow researchers to gauge whether the studied subscales have adequate reliability for the trait levels anticipated in a given study and to help interpret the results of such studies. For example, null results may not be attributable to a lack of intervention effect when the subscale used is poorly calibrated to the levels of traits expressed in the sample.
Nonetheless, the skewness of the test information curves ADHD, Internalising and Externalising suggests that the SBQ could benefit from the addition of items measuring the 'positive' end of the psychopathology dimensions. Items capturing the tendency to experience positive mood states could complement the current Internalising items; items capturing affiliative behaviours, selfcontrol, gratification delay or inhibition could complement the Externalising items; and items capturing sustained attention and situation-appropriate activity levels could complement the ADHD items. However, it may not always be meaningful to attempt to measure the 'low' or 'adaptive' end of psychopathological trait continua. Reise & Waller (2009) argued that many psychopathological traits are 'quasi-traits', defined as a unipolar trait where one end of the continuum represents severity while the other represents the absence of the trait. It will be important to address this possibility; however, doing so will require at least an attempt to write items measuring low/adaptive-end variation in psychopathological traits. If such items prove impossible to construct this may indicate support for the quasi-trait hypothesis.
Limitations
We evaluated the reliable range of the SBQ with regards to a certain set of latent factors; other researchers may seek to combine the SBQ items in different ways and would need to evaluate DIMENSIONAL TRANSDIAGNOSTIC ASSESSMENT the reliable range of the chosen combinations. The reliable range of measurement is also only one consideration in evaluating the appropriateness of a measurement tool for a given purpose: we did not consider other properties that may bear on construct validity, e.g., content or criterion validity. There are also a number of dimensions of psychopathology that the SBQ does not cover, such as eating disorders, psychotic disorders, autism, and most personality disorders.
Conclusions
The reliable range of measurement for the SBQ is adequate for use in general population samples for the traits of ADHD, Prosociality, Internalising and Externalising. The SBQ can help answer the call for dimensional, transdiagnostic psychopathology measures; however, the addition of items measuring certain trait levels would be beneficial. 
Model Fitting
The models fit to the data are summarised in manuscript Figures 1-4 . These were based on a series of preliminary exploratory factor analyses and will thus require independent verification in future research in other samples. The purpose of the analyses was also considered in selecting the best measurement model; namely, that the primary interest was in obtaining information about the general dimensions free from conflation with the specific dimensions reflecting the narrower subscales (e.g.
Murray & Johnson, 2013)
. The fitted models correspond closely to the intended structure for the SBQ.
In the ADHD models, a general ADHD factor was specified together with specific factors for the dimensions of Hyperactivity/Impulsivity and Attention Deficit. In the model for Internalising, a general Internalising factor was specified together with Anxiety and Depression specific factors. In the Externalising model, a general Externalising factor was specified together with specific Oppositional Defiant Disorder (ODD)/Conduct Disorder (CD), Reactive Aggression, and Physical Aggression factors. Initially, a Proactive Aggression specific factor was specified but this was removed to facilitate convergence. Due to the complexity of the bi-factor model, convergence problems are common and some model modifications may have to be made for pragmatic reasons (e.g. Maydeu-Olivares & Coffman, 2006) . Similarly, although CD and ODD may be treated as distinct disorders in traditional diagnostics frameworks, their correlation was so close to unity in the current sample that they were combined into a single dimension to facilitate model estimation (e.g.
APA, 2013). Finally, for Prosociality, a unidimensional model was judged sufficient to describe the covariation among items, therefore, a bi-factor structure was not necessary. In the bifactor models, the general factors were orthogonal to the specific factors but the specific factors were allowed to correlate. 
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